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Abstract
An experimental work has been conducted to examine the turbulent flow and heat transfer characteristics in a
constant heat-fluxed round tube with perforated-rectangular-winglet tape (PRWT) inserts. The fluid flow and
thermal characteristics are presented for Reynolds numbers (Re) ranging from 4100 to 25,400. In the current study, a
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straight tape with 45° PRWT mounted repeatedly on both tape sides is inserted into the test tube to generate two pair

of longitudinal vortex flow throughout. The influences of punched hole or pore diameter on the winglet (d =1, 1.5,
2 and 3 mm) having a single winglet width ratio (/D=BR= 0.24) and a winglet pitch ratio (P/D=PR= 3.0) on heat
transfer and friction loss behaviors in the tube are investigated. The experimental results show that the PRWT
provides higher heat transfer rate and friction loss than the smooth tube. The reduction of pore diameter, d results in
the increase in Nusselt number (Nu) and friction factor (f) values. The inserted tube with d = 2 mm yields the
highest thermal performance of about 1.46. Comparing thermal performance at a similar operating condition, the

PRWT with ¢= 2 mm performs around 1%, 1.8% and 3% higher than the one with d =3, 1.5 and 1 mm, respectively.

Keywords: Winglet; Heat exchanger; Turbulent flow; Vortex generator; Thermal performance

1. Introduction

Heat transfer enhancement (HTE) technology has
been developed and widely applied to efficient
utilization of heat exchanger systems. Swirl flow
devices, as one of the passive HTE technology [1],
have been extensively studied due to ease of
installation, manufacturing and maintenance. Insertion
of turbulator/swirl generator device have been widely
used because the reduction in overall thermal
resistance can lead to a smaller size and saving energy
of heat exchanger systems. Many investigations have
been carried out to study the effect of several swirl
flow devices on HTE in heat transfer systems both
tubular and flat-plate duct heat exchanger.

For tubular heat exchangers, the wire coils and
twisted tapes have been widely used for enhancing the
rate of heat transfer. The conjugate heat transfer and
thermal stress in a uniform wall heat-fluxed tube with
coiled-wire inserts was numerically investigated by
Ozceyhan [2]. Eiamsa-ard and Promvonge [3] reported
the effect of serrated twisted tape (STT) insert on fluid
flow and heat transfer behaviors in a constant heat-
fluxed tube by considering two STT geometry
parameters (serration width and depth ratios). They
found that the thermal performance factor of all STT is
better than that of the typical twisted tape in a range of

2-12%. A comparison of_ the thermal and hydraulic
performances of twisted tape or wire coil inserts was
introduced by Wang and Sunden [4]. They found that
the coiled wire performs effectively in enhancing heat
transfer in a higher turbulent flow region whereas the
twisted tape yields a poorer overall efficiency.
Promvonge [5] investigated the effects of the wire
coils in conjunction with twisted tapes on heat transfer
and friction characteristics in a uniform heat-fluxed
tube and found that for using the combined devices,
the increase in heat transfer rate and performance are

about 200-350% of using a single enhancement device.

The thermal performance can be enhanced by the
use of winglets and baffles for heat exchanger ducts or
channels. Zhou and Ye [6] presented experimental data

of thermal and flow characteristics for rectangular- .

channel flow having curved trapezoidal, rectangular,
trapezoidal and delta winglets. Skullong et al. [7]
investigated the fluid flow and heat transfer coefficient
in a solar air heater fitted with combined wavy-groove
and perforated-delta wing vortex generators.
Kwankaomeng and Promvonge [8], and Promvonge et
al. [9] studied numerically the periodic flows through
30° and 45° angled baffles mounted in a square
channel, respectively. In the literature review above,
for thermal performance improvement in tubular heat







